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Objective: To describe two cases of endocarditis caused by Neisseria elongata subsp. nitroreducens, and present some 
biochemical characteristics not previously described as useful for differentiating this taxon from Kingella denitrificans. 
Methods: Biochemical and antimicrobial susceptibility tests were carried out on four field strains and three reference 
strains of N. eiongata subsp. nitroreducens, the type strains of N. eiongata subsp. elongata and N. elongata subsp. 
glycolytica, and five reference strains of K. denitrificans. 
Results: Phenotypic characterization confirmed the identification of N. eiongata subsp. nitroreducens in two cases of 
endocarditis in patients with pre-existing heart damage. Apart from the previously reported differential characteristics 
between N. elongata subsp. nitroreducens and K. denitrificans. N. elongata subsp. nitroreducens was found to have 
large mucoid colonies, a positive result of the phenylalanine test, acid production from ethanol and susceptibility to 
polyrnyxin, in contrast to K. denitrificans. 
Conclusion: When blood cultures are positive for N. elongata subsp. nitroreducens, endocarditis should be suspected. 
Characteristics useful for differentiating N. elongata subsp. nitroreducens from K. denitrificans are larger colonies, 
reduction of nitrate and nitrite without gas formation, a positive result of the phenylalanine test, production of acid from 
ethanol and polymyxin susceptibility. 
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INTRODUCTION 
The family Neisseriaceae consists of several genera, 
among which are Kiiiy&~ and Neisseria.  The two 
major pathogens in the family are Neisseriu rrreniqitidis 
and N *qoiioYrhoeae. Most of the other species in the 
fairiily, including iLT e l o q p ~ t a  and Kingella denifr$cans, 
are conimensals of the nasopharyiix and only occasion- 
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ally pathogenic [ 1-31, N. clon'qatn subsp. r~itroredctcer?.~ 
and K.  denitrificans are Gram-negative coccobacilli that 
may be difficult to differentiate from each other [4.5]. 
This was highlighted in our reference laboratory, where 
we, within the last few years. have received four blood 
culture isolates of LY clorigafa subsp. riitroreducerrs for 
identification, of which the first isolate was initially 
misidentified as K. denitrjfic-ails. 
Since 1990, there have been several reports of the 
association of X. c h g a t a  subsp. riifroredirrer~s, formerly 
Group M-6, with endocarditis [4-111. This report 
presents two cases of endocarditis caused by N clor ip ta  
subsp. iiitroredrrc-ens. We also want to call attention to the 
problems of identification that exiTt between this taxon 
and K. dewitrjfirans, and to draw attention to some 
biochemical characteristics not previously described as 
useful for distinguishing them from each other. 
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MATERIALS AND METHODS 
Bacterial strains 
The field and culture collection strains examined, 
including the type strains of K. denitrijicans and N. 
elongata subsp. nitvoreducens, N. elongata subsp. elongata 
and N. elongata subsp. glycolytica, are listed in Table 1. 
Media 
Growth was evaluated on horse blood and chocolate 
agar at 35°C with and without 5% CO2 and on 
bromothymol blue lactose agar at 35°C. Growth in 
semi-solid agar was examined for 6 days at 22°C and 
35°C. 
Biochemical tests 
Biochemical characterization was performed as described 
previously [12] with the following modifications. Nitrate 
reduction was tested for in 2-day-old cultures of CDC's 
special nitrate broth containing inverted Durham tubes 
to test for gas formation [l]. A culture in iron agar at 
22°C was observed for 7 days to detect H2S production 
[ 131. Phenylalanine deaminase production was detected 
by making a heavy suspension from a chocolate agar 
culture in 0.5% L-phenylalanine in distdled water and 
adding a few drops of 2% FeC13.6H20 in 1% 5 M HCl 
after incubation for 4 h. All shades of green coloring 
were registered. 
Table 1 Strains examined in this study 
The production of acid from carbohydrates was 
tested for in Hugh and Leifson's O/F medium and 
observed for 28 days. 
Antimicrobial susceptibility 
An agar diffusion method with Neo-Sensitabs (Rosco, 
Taastrup, Denmark) on Danish blood agar (Statens 
Serum Institut, Denmark) was used according to the 
manufacturer's recommendations [ 141. Incubation took 
place at  35°C. All strains were tested for susceptibility 
to penicdin, ampicillin, ceftriaxone, chloramphenicol, 
erythromycin, gentamicin, tetracycline, rifampicin and 
polymyxin. MICs for penicillin were determined by 
the E-test (AB Biodisk, Sweden) on 5% horse blood 
agar incubated at 35°C. 
Case reports 
Case 1 occurred in a 57-year-old man with a history of 
hypertension and mitral valve insufficiency, who was 
admitted to the hospital after 2-3 weeks of fever, 
malaise, and muscle and joint pains. One month before 
hospital admission the patient underwent a dental 
procedure. O n  admission his temperature was 38"C, 
and he had a heart rate of 96 beats/min and a 
normotensive blood pressure. Heart auscultation revealed 
a grade 111 systolic murmur at the apex. Laboratory data 
~ ~ ~~ ~~ ~ 
Strain Source/Disease Received from 
K. denitr$cans 
CCUG 6516' 
CCUG 12510 
CCUG 14935 
CCUG 14999 
CCUG 28284 
N elonpta subsp. nitroreducens 
CCUG 30802' 
CCUG 9685 
CCUG 9686 
AB 2798 
,433 2895 
AB 2896 
AB 2897 
N e l o q a f a  subsp. elonpro 
CCUG 2130AT 
Pharynx 
Pharynx 
Sputum 
Oral cavity 
Oral cavity 
Blood 
Pharynx 
Sputum 
Blood/unknown 
Blood/endocarditis 
Blood/endocarditis 
Blood/endocarditis 
CCUG 
CCUG 
CCUG 
CCUG 
CCUG 
CCUG 
CCUG 
CCUG 
Own isolate 
Own isolate 
Own isolate 
Own isolate 
Pharynx CCUG 
N elongata subsp. glycolytrca 
CCUG 6508' Pharynx CCUG 
'denotes type strains. 
CCUG, Culture Collection of the University of Goteborg, Sweden. 
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showed a hemoglobin level of 6.6 nmol/L, a normal 
leukocyte count with a shift to the left and elevated C 
reactive protein. Two blood cultures peliormed with 
an interval of 24 h grew Gram-negative coccobacilli, 
which were subsequently identified as N. elongata subsp. 
nitroreduceris and found to be susceptible to penicillin, 
cefuroxime and gentamicin. Transthoracic echocardio- 
graphy showed a prolapse of the anterior mitral leaflet 
and a central mitral valve insufficiency, but trans- 
esophageal echocardiography revealed large vegetations 
on the atrial side of the mitral valve. Intravenous 
therapy with penicillin (Sx106 units/8 h) and genta- 
niicin (240 mg/24 h) normalized the temperature 
within 3 days. During the next 2 weeks the anemia 
persisted, but the other laboratory values returned to 
normal. However, on day 12 of antibiotic treatment the 
temperature rose to 39°C. No other focus of infection 
or eosinophilia of the blood was found, and new blood 
cultures were negative. Transesophageal echocardio- 
graphy revealed a partial rupture of the anterior mitral 
valve, but no new vegetations or abscess formation. 
After echocardiography the patient developed cerebral 
bleeding, and died 3 days later. An autopsy was not 
performed. The diagnosis of definite infective endo- 
carditis could be made, since two of Durack’s major 
criteria for diagnosis of infective endocarditis were met 
[ l j l .  
Case 2 occurred in a 43-year-old man, who in 
198 I underwent an implantation of an aortic prosthesis 
and a Bjoerk-Shiley valve because of sequelae from 
infective endocarditis of unknown etiology. One week 
before admission to a local hospital he had fever, 
a severe headache, and muscle and joint pains. On 
admission his temperature was 4O”C, and he had a 
heart rate of 100 beadniin arid a normotensive blood 
pressure. Heart auscultation revealed a pure valve snap 
sound without regurgitant murmur. Laboratory data 
included a normal leukocyte count, but elevated C 
reactive protein. Because of penicillin allergy, therapy 
was started with intravenous gentamicin (80 mg/8 h). 
A blood culture performed at admission became positive 
after 2 days, with growth of Gram-negative cocco- 
bacilli. The microorganism. which was subsequently 
identified as N. elongata subsp. nitroreducenr, was suscep- 
tible to penicillin, cefuroxime and gentamicin. Because 
of the presence of the prosthetic valve, therapy was 
supplemented with intravenous ceftriaxone (1 g/ l2  h). 
Transesophageal echocardiography was performed, and 
showed 110 certain signs of endocarditis of the aortic 
valve. No other infectious focus was found. The patient 
received ceftriaxone and gentamicin for 1 weeks. 
Trarisesophagal echocardiography performed 1 month 
later revealed an aortic valve prosthesis that was work- 
ing well without vegetations. Following Durack’s criteria 
for diagnosis of infective endocarditis, a diagnosis of 
possible infective endocarditis could be made, since the 
findings were consistent with infective endocarditis but 
fell short ofboth definite and rejected endocarditis [I 51. 
Bacteriologic findings 
N. e loqa ta  and K. drnifrjficans are non-motile Gram- 
negative coccobacilli indistinguishable from each other 
on microscopy. After incubation for 24 h, both taxa 
grew on blood and chocolate agar without COz, 
but not on broniothyniol blue lactose agar. After 
incubation for 24 h on blood agar, N. elonguta colonies 
were mucoid yellowish-white with a diameter of 1.5-3 
mm, while colonies of K. denituijcans were non-inucoid 
with a diameter of 0.5-0.75 nim. In tubes of senii-solid 
agar, all strains grew mainly on the surface of the 
medium. 
Tables 2 and 3 summarize the biochemical charac- 
teristics obtained for the strains in conventional tests. 
N e l o r p t a  subsp. ~itrowdrrcens was differentiated from 
the other subspecies of ,\: elongatu by its ability to 
reduce nitrate and nitrite, and by N. eIorigafa subsp. 
glycolytica’s catalase production. A color change to green 
in the pheriylalanine test after incubation for 4 h and 
acid production from ethanol after 6 days were seen in 
the seven strains of X elongutn subsp. nitroveduccrrs, but 
not in the five K. derzitvificuns strains. Acid production 
from glucose was found to differ among strains of both 
K. denitr!ficurzs and h: cdoiigatu subsp. rlitrorcducens; it was 
also weak and generally occurred late. Susceptibility 
to polyniyxin was found fix- all X cloiiguta isolates, 
whereas K. denitr$cicaris strainr were totally resistant. 
Table 2 Test results pmitivc or  negative for all strains 
I’owivr Oxidase production 
Negative Motility 
Heniolysi\ (horsc hlood) 
P-Galactoriddx 
Urea\C 
Indolr 
Gelatine liyiiefctioii 
HzS producrion 
Arginine dihydrol~i\c 
Lysine decarbouvla\e 
Orriitliinc d e c ~ i r b o x ~ l ~ i ~ c  
Acid from: 
Xylosc 
LJctost. 
Maltosc 
Sucrose 
Mariiiitol 
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Table 3 Test results variable among the strains 
N. elongata N. elongata N. elongata 
K. denitrifcms subsp. nitroredncens subsp. elongata subsp. glycolpica 
Number of strains 5 7 1 1 
Catalase - - - + 
Nitrate reduction 4/5"h - - 
Nitrite reduction 4/5"b + 
Gas from nitrate 4/5"b 
Phenylalanine - + + + 
Glucose 4/5"'7 3/7 + + 
Ethanol - 
+ 
- - 
- - - 
Acid from: 
+ + + 
+ + + Polymyxin susceptibility - 
aThe number of positive strains of the total number of strains. 
"The strain unable to reduce nitrate and nitrite was not the same strain as the strain unable to produce acid from glucose. 
The strains of K. denitrijicans were fully susceptible 
to penicillin (and all p-lactams), with MICs ranging 
from 0.064 to 0.094 mg/L. The strains of N. elongata 
subsp. nitroreducens were also susceptible to penicillin, 
with MICs in the range 0.094-0.25 mg/L. All strains 
were susceptible to the other p-lactams, as well as 
to chloramphenicol, erythromycin, gentamicin, tetra- 
cycline and rifampicin. 
DISCUSSION 
N. elongata includes three subspecies, N. elongata subsp. 
elongata, N. elongata subsp. glycolytica and N elongata 
subsp. nitroreducens, of which only the last causes s ign -  
ficant infections in humans. In three of our own four 
clinical isolates (Table l), N. elongata subsp. nitroreducens 
was associated with endocarditis; for the fourth strain a 
clinical history was not available. Case 1 fulfilled the 
criteria of Durack for definite infective endocarditis, 
whereas case 2 was classified as a case of possible 
infective endocarditis [15,16]. Cases of endocarditis 
caused by N. elongata subsp. nitroreducens have previously 
been reported [4,5,9-1 I]. In a retrospective study, 
septicemia caused by N. elongata subsp. nitroreducens has 
been found to be associated with endocarditis in nine 
of 12 patients [9]. The usual risk factors for endo- 
carditis, i.e. dental work, or pre-existing heart damage, 
including valve replacement, were generally reported to 
be present [4,7,9]. In our two cases, one patient with 
known mitral valve disease had dental work performed 
prior to onset, and the other patient had a history of 
aortic valve replacement. In contrast, K. denitrijicans and 
the two other subspecies of N. elongata have mainly 
been isolated from the oropharynx, and are rarely 
associated with invasive disease [l-31. 
N. elongata subsp. nitroreducens and K. denitrijicans 
are phenotypically very similar and have previously 
been mistaken for each other [4,5]. Production of acid 
from glucose was not a successful differential reaction 
in our hands, as we found it weak and variable for 
both taxa, in contrast to others, who have found K. 
denitrijicans to be more uniformly positive [l]. Both 
organisins usually reduce nitrate and nitrite, although 
one of our strains of K. denitrijicans was unable to do so. 
This is in agreement with the findings of Weyant et al, 
who found four of 53 strains unable to reduce nitrate 
[ 11. The major differential characteristic is, however, 
the ability of the great majority (94% of nitrate- 
reducing strains) of K. denitrijicans strains to produce gas 
in connection with this reduction, in contrast to none 
of the N. elongata subsp. nitroreducens strains [l]. As 
nitrate broth with inverted Durham tubes for detection 
of gas is not routinely available in laboratories in 
Denmark, we were interested in finding additional 
characteristics useful for differentiating the two taxa. 
The mucoid appearance and larger size (1.5-3 mm) 
of N elongata subsp. tzitroreducens colonies easily 
distinguished them from the non-mucoid, smaller 
(0.5-0.75 mm) colonies of K. denitrijicans. But for organ- 
isms seldom seen in the laboratory, colony morphology 
and size are difficult to use as distinguishing criteria. 
However, we identified three other differentiating 
charact:eristics, more easily discerned in the routine 
laboratory: n! elougata subsp. nitroreducens was phenyl- 
alanine positive, produced acid from ethanol and was 
polymyxin susceptible. These characteristics were also 
found for the type strains of the two other N. elongata 
subspecies tested, but not for any of the K. denitrijicans 
strains (Table 3 ) .  
Members of the genus Moraxella might also present 
problems of phenotypic differentiation from the sub- 
species of N. elongata, especially Moraxella osloensis, 
which sometimes produces acid from ethanol, and 
M.  phenylpyruvica, which deaminates phenylalanine 
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111. The subspecies of S. rlougata are, however, ofien 
glucose positive, and the two most frequently occurring 
subspecies, N. elargata subsp. riitroreducerir and N. elorzgata 
subsp. elorgnta, are catalase negative, in contrast to the 
species of Moramrlla. Furthermore, X elongata subsp. 
riitro-ovedrrcerrs reduces nitrite, in contrast to M ,  oslornsis 
'ind M. ylierzylpyrtruic-n. 
We found all strains of K .  deriitr$caris and IV. 
c l o r p t a  to be susceptible to penicillin. However, MICs 
for penicillin for N. elorzgata subsp. riitroredricens were 
somewhat higher than for K .  denitrjficuns, correspond- 
ing to previous reports of N elongata subsp. riitroveducens 
not being uniformly susceptible to penicillin G [4]. 
In conclusion, when blood cultures are positive for 
clorz<qntn subsp. nitvoreduceris, endocarditis should be 
suspected, especially in persons with pre-existing heart 
daniage, including prosthetic valve replacement. Charac- 
teristics useful for differentiating AV elorzxafa subsp. 
riirrorrduccrzs from K .  drnitv$carzs are larger colonies, 
reduction of nitrate and nitrite without formation 
of gas, a positive result of the phenylalanine test, 
production of acid from ethanol and polymyxin suscep- 
tibility. 
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